The effect of N-chloro, side chain and sites of ring substitutions on the crystal structure of N-(trichlorophenyl)-2-chloro and 2,2,2-trichloroacetamides has been studied by determining the crystal structure of N-(2,4,5-trichlorophenyl)-2-chloroacetamide, 2,4,5-Cl 3 C 6 H 2 .NHCO.CH 2 Cl (N245TCPCA), N-chloro-N-(2,4,5-trichlorophenyl)-2-chloroacetamide, 2,4,5-Cl 3 C 6 H 2 .NClCO. CH 2 Cl (NC245TCPCA) and N-(2,4,5-trichlorophenyl)-2,2,2-trichloroacetamide, 2,4,5-Cl 3 C 6 H 2 . NHCO.CCl 3 (N245TCPTCA). The crystal type, space group, formula units and lattice constants inÅ are: N245TCPCA: monoclinic, P2 1 /n, Z = 4, a = 4.732 (1) 
Introduction
Nuclear quadrupole resonance and crystal structural studies give valuable information on bond properties [1 -4] . Amides are of fundamental chemical interest as conjugation between nitrogen lone pair electrons and the carbonyl π-bond results in distinct physical and chemical properties [5, 6] . Thus we are interested in NQR and X-ray diffraction studies of amides in their crystalline state [7 -15] . Pies, Rager, and Weiss [16] have studied 35 Cl NQR spectra of chloroacetanilides Cl x C 6 H 5−x NHCOCH 3−y Cl y and observed interesting trends in their spectra. We have reported 35 Cl NQR and IR spectra of a number of N-(chlorophenyl) chloroacetamides of the configuration: X y C 6 H 5−y -NHCO-CH 3−y Cl y (where X = 0932-0784 / 04 / 1100-0845 $ 06.00 c 2004 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com CH 3 , NO 2 or Br and y = 1, 2 or 3) [10 -13] . Crystal structure of some of the N-phenyl acetamides and N-substituted phenyl chloroacetamides has also been determined [8, 9, 14, 15, 17 -19] . We have recently studied the crystal structure of compounds of the type, 2,4,6-X 3 C 6 H 2 ·NHCO·CH 3−y Cl y (X = CH 3 or Cl and 1 ≤ y ≤ 3) and analysed the data along with the crystal structure of the related compounds [20] , to see how the -NHCO-bond parameters vary with the substitution of both the electron donating and electron withdrawing groups in the benzene ring and in the side chain. In the process we have observed that N-phenyl acetamide on conversion to either N-phenyl-2,2,2-trichloroacetamide or N-(2,4,6-trichlorophenyl)-acetamide by side chain or ring substitution changes its crystal symmetry from orthorhombic to monoclinic. But both the side chain and ring substitutions of N-phenyl acetamide converts it into N-(2,4,6-trichlorophenyl)-2,2,2-trichloroacetamide, and its orthorhombic symmetry is changed to triclinic. On conversion of N-phenyl-2,2,2-trichloroacetamide to N-(2,4,6-trichlorophenyl)-2,2,2-trichloroacetamide via mono and di ring substitutions, the crystal symmetry changes from monoclinic to triclinic via orthorhombic and monoclinic symmetries, while conversion of N-(2,4,6-trichlorophenyl)-acetamide to N-(2,4,6-trichlorophenyl)-2,2,2-trichloroacetamide via mono and di-side chain substitutions by Cl changes its crystal symmetry from monoclinic to triclinic through orthorhombic symmetries twice. Hence we thought it interesting to study the effect of changing the sites of Cl-substitutions from 2,4,6 to 2,4,5 in the phenyl ring and N-chlorination on the structural aspects of N-(trichlorophenyl)-chloroacetamides. We thus report herein the crystal structures of N-(2,4,5-trichlorophenyl)-2-chloroacetamide, 2,4,5-Cl 3 
Experimental

Preparation and Characterisation of the Compounds
The compounds N245TCPCA and N245TCPTCA were prepared from 2,4,5-trichloroaniline and the corresponding chloroacetylchloride or chloroacetic acid and phosphoryl chloride (Aldrich, Germany) [7, 9, 16, 21] . The commercial trichloroaniline was purified by zone refining. The compound N245TCPCA was prepared from 2,4,5-trichloroaniline and 2-chloroacetyl chloride in acetone (chemical analysis: % (found/calculated); C (62.25/62.41), H (6.52/6.67) and N (6.50/6.62)), while N245TCPTCA was prepared by treating 2,4,5-trichloroaniline with a homogeneous mixture of 2,2,2-trichloroacetic acid with phosphoryl chloride under constant stirring. The mixture was slowly warmed to expel HCl. Excess phosphoryl chloride was hydrolysed by adding cold water dropwise under ice cold conditions. The separated solids were filtered under suction, washed thoroughly with water and dried. The compounds were recrystallised from ethanol several times. The purity of the compounds N245TCPCA and N245TCPTCA was checked by determining their melting points. The melting points in • C are (the values in parentheses are literature values [16, 21] ): (N245TCPCA) 180 (180) and (N245TCPTCA) 119 (118 -120). The compounds were further characterised by recording their infrared and/or 35 Cl NQR spectra and comparing the frequencies with the literature values. All other reagents employed in the preperations and purification of compounds were of analytical grade.
Preparation of NC245TCPCA
It was prepared by treating acetic acid solution of N245TCPCA with an excess of aqueous acetic acid solution of calcium hypochlorite under vigorous stirring (1 hr). The organic matter was extracted with chloroform. The chloroform solution was further treated with a fresh aqueous acetic acid solution of calcium hypochlorite 2 -3 times to ensure complete N-chlorination. Then the chloroform solution was freed from acetic acid using NaHCO 3 and then dried with anhydrous sodium sulphate. Chloroform was slowly evaporated at room temperature to obtain NC245TCPCA. The resulting compound was recrystallised from chloroform, toluene or cyclohexane. The purity of the compound was checked by estimating the amount of active chlorine content by iodometric titration and by recording its infrared spectrum.
Crystal Structure Studies
Small single crystals of N245TCPCA, NC245TC PCA and N245TCPTCA were selected for X-ray diffraction and studied at room temperature. The collected intensity data were corrected for Lorentz polarisation and absorption. The positional parameters were determined by direct methods and least squares refinement (SHELXL-97) [22 -27] . For locating the hydrogen atom positions, the C-H distances were fixed to 0.93Å for the ring hydrogen atoms, while the side chain C-H distances were fixed to 0.97Å for the CH 2 Cl group. Further experimental conditions for structure determinations and refinements are given in Table 1 .
Results and Discussion
The crystallographic data of the compounds, N245TCPCA, NC245TCPCA and N245TCPTCA are given in Table 1 displacement parameters are listed in Table 2 . The intramolecular bond distances are given in Table 3 . In Table 4 The compound N245TCPTCA shows two molecules in its asymmetric unit, while the other two compounds show one molecule each in their asymmetric units. First we shall discuss the intramolecular geometry of the title compounds. The individual data are given in Table 3 . Comparing the C(i)-C(j) bond distances within the benzene rings of the three compounds, we find the following mean distances inÅngstrøm units. The observed minimum and maximum bond lengths inÅ are given in parentheses: 1.387(1.375,1.402), 1.384(1.377,1.390) and 1.381(1.361,1.408) for the compounds N245TCPCA, NC245TCPCA and N245TCPTCA, respectively. The values given for the latter compound are the average of the two mean distances. The values for the two molecular units of N245TCPTCA are 1.382(1.361,1.408) and 1.379(1.364,1.397)Å, respectively. As may be (3) 12171 (7) 292 (1) 2540 (5) 42 (1) O (4) 9617 (6) 321 (1) 2601 (5) 65(1) N (5) 13972 (6) 643 (1) 2679 (4) 43(1) C (6) 13186 (7) 1098 (1) 2872 (4) 39(1) C (7) 11880 (7) 1217 (1) 4187 (5) 40(1) C (8) 11143 (7) 1660 (1) 4385 (4) 40(1) C (9) 11744 (8) 1996 (1) 3266 (5) 43(1) C (10) 13062 (8) 1882 (1) 1971 (4) 44(1) C (11) 13748 (7) 1434 (1) 1762 (4) 41(1) Cl (12) 9484 (2) 1795 (1) 6005 (1) 50(1) Cl (13) 10917 (3) 2555 (1) 3516 (1) 63(1) Cl (14) 15357 (2) 1296 (1) 118 (1) 50 (1) 2,4,5-Cl 3 C 6 H 2 ·NClCO·CH 2 Cl (NC245TCPCA):
Cl (1) 10716 (1) 6516 (1) 3609 (1) 59(1) C (2) 9858 (1) 5773 (2) 2388 (3) 41(1) C (3) 9038 (1) 6198 (2) 3210 (3) 37 (1) O (4) 8974 (1) 6895 (2) 4576 (2) 53(1) N (5) 8336 (1) 5714 (2) 2302 (2) 36 (1) Cl (6) 8415 (1) 4813 (1) 294 (1) 41(1) C (7) 7517 (1) 6191 (2) 2717 (3) 33 (1) C (8) 6901 (1) 5232 (2) 3206 (3) 38(1) C (9) 6104 (1) 5699 (2) 3582 (3) 40 (1) C (10) 5931 (1) 7134 (2) 3543 (3) 37(1) C (11) 6546 (1) 8106 (2) 3085 (3) 36 (1) C (12) 7331 (1) 7626 (2) 2625 (3) 34(1) Cl (13) 7127 (1) 3444 (1) 3412 (1) 60 (1) Cl (14) 4942 (1) 7694 (1) 4102 (1) 54 (1) Cl (15) 6340 (1) 9904 (1) 3076 (1) 51 (1) 2,4,5-Cl 3 (5) 4825 (4) 41 (1) seen, both the N-chlorination of N245TCPCA to give NC245TCPCA and replacement of two hydrogen atoms in the side chain to give N245TCPTCA slightly decrease the mean ring distances. In the first conversion, the crystal system remains the same, while the second conversion changes the crystal system from monoclinic to orthorhombic, the space group being changed in both the N-chlorination and side chain (17) 7045 (5) 3324 (3) 7317 (1) 173 (2) The comparison of significant dihedral angles (Table 4) showed that there are changes in them on both N-chlorination and with side chain changes of N245TCPCA.
We have recently reported the crystal structure of several mono, di-and tri-substituted phenyl chloroacetamides [8, 9, 14, 15] and 2,2,2-trichloroacetamides [20] . We compare here the significant structural parameters of the present crystal structure of the compounds, N245TCPCA, NC245TCPCA and N245TCPTCA with those of other N-chlorophenyl chloroacetamides; N-phenyl acetamide, C 6 H 5 .NHCO.CH 3 (NPA) [17] , N-phenyl-2,2,2-tri- [20] . The crystal systems, space groups, side chain bond parameters are summarised in Table 5 .
The comparison of the bond parameters revealed that there are significant changes in them with substitution in both the ring and in the side chain of the amides and on N-chlorination. But to draw general conclusions, further substantive data are to be collected with varying substitutions. Our work in this direction is in progress. 
